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Abstract

Literature has been paying greater attention to the main drivers of academic researchers’ engage-

ment with industrial partners. However, there is a lack of understanding of how academic research-

ers’ perceived outcomes and constraints affect their collaboration with firms. The novelty of this

article is its analysis of how researchers’ perception of the benefits, results, and barriers associated

with collaboration affects academic research groups’ engagement with industry. We use a compre-

hensive database on university–industry collaboration from a survey with academic researcher

groups in Brazil, and we use a time lag to analyse the number of collaboration of the research

groups. We find that perceived intellectual benefits and commercial results are important drivers

for researchers’ engagement with industry, and economic benefits and transactional barriers are

obstacles to increase collaborative projects with firms.
Key words: university–industry collaboration; knowledge and innovation; university; academic collaboration.

1. Introduction

Academic research plays a relevant role in innovation. It is widely

accepted in the literature that universities are an important source of

new scientific and technological knowledge and that university–indus-

try linkages are vital channels for accessing this knowledge. Previous

studies have focused on the impacts of collaboration on innovation

and the role of academic research (Cohen et al. 2002; Klevorick et al.

1995; Nelson 1996). Studies have also focused on how collaboration

with industry is affected by the motivations and constraints of

researchers (Arza and Vazquez 2010; D’Este and Perkmann 2011;

Perkmann et al. 2011; Tartari et al. 2012). Academia and industry op-

erate in distinct institutional environments characterised by norms

and incentives that can conflict with one another. Academic research-

ers generate new knowledge and publish their results in high-impact

journals. Industrial scientists and engineers produce applied know-

ledge in the form of products and manufacturing processes (Partha

and David 1994; Tartari et al. 2012).

The literature contains little evidence on how universities initi-

ate, build and maintain collaboration with firms. Academic

researchers’ motivation to collaborate with industry and the role of

the main outcomes of such linkages require deeper analysis

(Perkmann et al. 2013; Perkmann and Walsh 2007), as does the

examination of whether university–industry collaboration is a mu-

tual strategy of firms and universities (Mascarenhas et al. 2018). In

this area, previous studies have analysed the main drivers of academ-

ic researchers’ collaboration with industry. Some studies have ana-

lysed how researchers’ individual characteristics affect their

collaboration with industry and the main drivers of such collabor-

ation (Banal-Esta~nol et al. 2015; Bruneel et al. 2010; D’Este & Patel

2007). Other studies have focused on the institutional context and

the role of the incentive system in place as drivers of collaboration

with industry (Barletta et al. 2017; Tartari et al. 2012; Tartari and

Breschi 2012). Another set of studies has focused on the relation be-

tween researchers’ perceptions of collaboration and their collabor-

ation with industry (Arza and Vazquez 2010; Bishop et al. 2011;

D’Este and Perkmann 2011; Tartari and Breschi 2012). Some of

these studies have focused on researchers’ main motivations for

engaging with industry (D’Este and Perkmann 2011), whereas
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others have explored the extent to which academic researchers’ deci-

sions to collaborate with industry are explained by individual assess-

ments of the expected benefits and costs of collaboration (Tartari

and Breschi 2012).

This article makes one main contribution to the literature. While

previous studies have focused on how the expected motivations of

academic researchers affect their collaboration with industry

(D’Este and Perkmann 2011; Tartari and Breschi 2012), we focused

on how the benefits, results, and barriers the researchers perceive af-

fect the research groups’ engagement with industry. Despite the

increasing number of studies analysing the main drivers of research-

ers’ motivations to collaborate with industry, there is still a gap in

the understanding of how the benefits, results, and barriers research-

ers perceive affect their decisions to collaborate with industry. In

our analysis, we evaluate the effects on collaboration with a time lag

in the explained variable to analyse how perceived benefits, results,

and barriers based on researchers’ previous experiences of collabor-

ation affect research groups’ engagement with industry.

To conduct this evaluation, we collected data on researchers’

perceptions of benefits, results, and barriers in 2008, and we ana-

lysed how these perceptions affected the research groups’ collabor-

ation in 2010. In this way, we extend and deepen previous analysis

on academic researchers’ motivation to collaborate with industry,

considering the benefits, results, and barriers researchers perceive

based on previous experiences of collaboration and investigate how

these dimensions affect decisions to collaborate. We use a database

on university–industry collaboration in Brazil that covers all scientif-

ic disciplines, all industrial sectors, and all Brazilian regions. It is im-

portant to note that data on collaboration links are more

widespread and more important than formal channels of technology

transfer from university to industry since such data can provide a

better assessment of the degree of collaboration than formal chan-

nels of interaction, such as patents, licences, or spin-offs (Banal-

Esta~nol et al. 2015). Likely due to the lack of data, previous studies

have paid little attention to these more collaborative forms of inter-

action between university and industry.

Although this article focuses on data from a developing country,

Brazil, this case can contribute to a general understanding of how

previous experiences of universities’ engagement with industry can

affect collaboration. As in several countries, in Brazil, universities

are assuming a greater role in fostering innovation, and prominent

impacts have been observed on the share of domestic firms in inter-

national markets (Chaves et al. 2016; Fernandes et al. 2010;

Moraes-Silva et al. 2018; Suzigan et al. 2009; Suzigan and

Albuquerque 2011). However, the less-developed institutional and

economic environments suggest that university–industry collabor-

ation could present natures and determinants different from those

found in developed countries (Moraes-Silva et al. 2018). As a result,

an important share of university–industry collaboration relies on the

diffusion and adaptation of foreign technology. However, important

and successful experiences based on long-term and systematic efforts

for the development of specific capabilities have been observed in

certain industries (Albuquerque et al. 2015; Moraes-Silva et al.

2018; Suzigan and Albuquerque 2011). From this perspective, uni-

versity research is more important for industries with medium and

medium-low levels of technology, such as coke and oil, metals, and

pulp and papers, and high levels of collaboration with universities

have been observed in these industries (Albuquerque 2007; Suzigan

et al. 2009). As in other developing countries, in Brazil, academic re-

search frequently acts as a substitute for firm R&D expenditures

and can complement in-house industrial R&D (Rapini et al. 2009).

In addition, domestic firms tend to engage in more collaborative

projects than foreign firms (Chaves et al. 2012).

The remainder of this article is organised into five sections. The

second section presents the main theoretical framework and

addresses previous studies that have evaluated the relations between

the main motivations of researchers and their engagement with in-

dustry. Section 3 presents the development of the dataset and a brief

description of the application of the nonparametric item response

theory (NIRT) methodology. Section 4 presents the empirical model,

and Section 5 discusses the main results concerning the effects of

perceived benefits, results and barriers on research groups’ collabor-

ation with industry. Finally, Section 6 presents final remarks and

some policy implications.

2. Theoretical remarks

Innovation is far from an isolated process within firms. Several stud-

ies have shown the importance of external agents, such as users, sup-

pliers, and universities that strengthen firms’ in-house R&D

expenditures. The increasing complexity of knowledge required for

innovation has forced firms to move closer to these external sources

(Mowery et al. 2004; Nelson 1996). Academic research and univer-

sities have become increasingly important sources of knowledge for

both firms and society (Rosenberg and Nelson 1994). Universities

have assumed an increasingly important role in fostering innovation

in firms (Cohen et al. 2002; Klevorick et al. 1995) since they are key

agents of the national innovation system (Mowery et al. 2004;

Mowery and Sampat 2009; Nelson 1996).

However, there are several concerns regarding potential damage

to the principles of open science (Merton 1973). The goals accepted

as legitimate within the community of academic researchers differ

from those of firms’ R&D departments. The community of academ-

ic researchers is concerned with adding to the stock of public know-

ledge, whereas firm researchers are concerned with adding to the

stream of rents that may be derived from possessing rights to the use

of private knowledge. However, to ensure an efficient allocation of

resources in the production of new knowledge, society must encour-

age both communities and maintain a synergetic equilibrium be-

tween them (Partha and David 1994).

Based on this concern, there is growing interest in evaluating the

effects of university engagement with firms (Arza 2010; Bishop et al.

2011; D’Este and Patel 2007; D’Este and Perkmann 2011;

Perkmann et al. 2013; Tartari et al. 2012, 2014). Studies have inves-

tigated academics’ evaluations of the expected benefits and costs of

their collaboration with firms (Owen-Smith and Powell 2001;

Tartari and Breschi 2012). This literature is focused on understand-

ing the relation between the motivation of academic researchers and

their engagement with industry. The links with the literature lead to

the following testable hypotheses. The novelty of our article is the

analysis of how perceived benefits, results, and barriers affect the re-

search groups’ engagement with industry.

2.1 Benefits of collaboration
Academic researchers’ collaboration with industry can yield import-

ant benefits. Many researchers engage with industry to support their

research activities. Collaboration with industry is dominated by

research-related motivations, including learning from industry and

fundraising for research projects (D’Este and Perkmann 2011;

Ramos-Vielba et al. 2016). Firms are willing to approach academic

researchers because their linkages involve close collaboration.
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Close collaboration facilitates interactive learning, which in turn in-

directly benefits scientific production by leading to new ideas and

motivating new research projects, although the distinct logics of

both the university and industry are maintained in such collabor-

ation (Perkmann et al. 2011; Perkmann and Walsh 2009).

Intellectual benefits, such as improved access to industrial partner-

ships and the opportunity to work with industrial researchers, can

allow scientists to engage in knowledge sharing, which can in turn

stimulate the development of new collaborative research projects

(Garrett-Jones et al. 2010).

Two main benefits that universities receive in their collaboration

with firms are often noted. First, intellectual benefits can emerge

from joint research projects between universities and firms with re-

spect to industrial applications and knowledge sharing because link-

ages with firms can inspire new academic research projects and

provide new insights for the research agenda (Arza 2010; Meyer-

Krahmer and Schmoch 1998). These benefits are particularly

important in the scientific fields in which academic research and in-

dustrial applications can advance simultaneously, i.e. fields in the

so-called ‘Pasteur Quadrant’ (Stokes 1997). Intellectual benefits are

one of the most important motivations for researchers to collaborate

with firms, although commercial channels of interaction, such as

spin-offs, licensing and patenting, can reduce these intellectual bene-

fits (Arza and Vazquez 2010).

H1: Intellectual benefits from academic researchers’ previous experi-

ence of collaboration positively affect research groups’ collabor-

ation with industry

The second main benefit is economic and is related to sourcing

extra funding to finance academic research (Arza 2010) or sharing

equipment, materials or human resources (Davey et al. 2016;

Tartari and Breschi 2012). Access to financial and nonfinancial

resources is another important factor that encourages academic

researchers to pursue additional collaboration with firms.

Moreover, the effect of gaining access to financial and nonfinancial

resources increases when the research group collaborates with indus-

trial partners (Tartari and Breschi 2012).

H2: Economic benefits from academic researchers’ previous experi-

ence of collaboration positively affect research groups’ collabor-

ation with industry

2.2 Results of collaboration
With respect to the results of university–industry linkages, collabor-

ation between university and industry can often generate important

commercial results by providing opportunities to develop inventions

that can be patented or licensed (Breschi et al. 2008). Similarly, col-

laboration can generate opportunities for academic entrepreneur-

ship, such as spin-offs (Perkmann et al. 2013).

H3: Commercial results from academic researchers’ previous experi-

ence of collaboration positively affect research groups’ collabor-

ation with industry

Other important results of collaboration with industry are aca-

demic. When academic researchers work together with industry on

joint projects, collaboration with firms can lead to new scientific dis-

coveries (D’Este and Perkmann 2011). Joint research projects with

industrial partners frequently result in academic publications, al-

though publication is less likely with other types of relationships,

such as research contracts and consulting, which consist of relation-

ships with more applied purposes (Perkmann and Walsh 2009).

H4: Academic results from academic researchers’ previous experi-

ence of collaboration positively affect research groups’ collabor-

ation with industry

Finally, another important result of university engagement with in-

dustry is knowledge results, particularly when academic researchers

collaborate with firms on projects closer to state-of-the-art know-

ledge. Research groups can expect to derive knowledge results from

collaboration with industry, particularly for linkages related to new

scientific challenges or discoveries, and such collaborations can lead

to new and challenging scientific projects (Perkmann et al. 2013).

H5: Knowledge results from academic researchers’ previous experi-

ence of collaboration positively affect research groups’ collabor-

ation with industry

2.3 Barriers to collaboration
Furthermore, important barriers affect researchers’ decisions to col-

laborate with industry, such as orientation (or Mertonian) barriers

that are related to the main motivations and concerns of academic

researchers. One of the main characteristics of the community of sci-

entific researchers is the ability to engage in research freely and

according to personal curiosity (Merton 1973). For academic

researchers, engagement with industry can pose potential dilemmas

related to the divergent institutional logics prevailing in academia

and industry. This divergence involves the secrecy problem, which

refers to the extent to which collaboration with firms imposes

restrictions on the disclosure of research findings and the diffusion

of research results, posing hazards to the norms of open science

(Tartari et al. 2012). To secure the commercial appropriation of re-

search results, academics may be required to delay or even forego

publishing research results (Bruneel et al. 2010; Gerbin and

Drnovsek 2016; Perkmann and Walsh 2009; Tartari and Breschi

2012). Thus, academic freedom may be constrained if academics are

induced to move away from basic research and instead produce re-

search based on commercial interests (Mowery et al. 2004).

The loss of academic freedom, concerns related to the secrecy of

results, and restrictions on the diffusion of those results can discour-

age collaboration between academics and firms (Ramos-Vielba et al.

2016; Tartari et al. 2012; Tartari and Breschi 2012). However, the

propensity to collaborate with industry is not significantly affected

by the potential increase in secrecy or by publication delays. Thus,

problems related to secrecy or the diffusion of achieved results do

not appear to influence the decision to collaborate with industry

(Tartari and Breschi 2012). Another important factor that can ham-

per university–industry linkages is the complementarity problem,

which is defined as the lack of complementarity between industry-

related activities and academic research. Collaboration with indus-

try may not be considered novel or sufficiently academically innova-

tive to warrant publication in academic journals, thus hindering the

publication goals of academic researchers (Perkmann and Walsh

2009; Tartari et al. 2012). Additionally, skewing problems can arise

from engagement with industry because collaboration can impose

constraints on academic researchers’ autonomy in establishing their

own research agendas (Tartari et al. 2012).

H6: Orientation barriers from academic researchers’ previous ex-

perience of collaboration positively affect research groups’ collab-

oration with industry

Another set of barriers to collaboration with industry is transac-

tional (or Williamson) and relates to factors that can create
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substantial transactional costs in such engagement. Transactional

costs often require academic researchers to develop new contractual

relationships with their industry partners and to navigate university

technology transfer offices (TTOs) and legal departments (Davey

et al. 2016; Merchán-Hernández et al. 2015; Tartari et al. 2012).

University bureaucracy may also discourage collaboration with

firms (Audretsch et al. 2002; Salimi et al. 2016). Although senior

management at the university may be committed to engagement

with industry, operational levels may exacerbate the risk of inter-

action with firms and create barriers to collaborative contracts.

H7: Transactional barriers from academic researchers’ previous ex-

perience of collaboration positively affect research groups’ collab-

oration with industry

Certain barriers are related to capability barriers because the

lack of skills among university staff, particularly in TTOs, may ham-

per the engagement of academic researchers in university–industry

joint projects (Owen-Smith and Powell 2001; Tartari et al. 2012).

On the university side, underfunded or understaffed TTOs can pro-

duce long delays, awkward schedules, lax reporting, and slow re-

sponsiveness to the concerns of academic researchers in the

collaboration process. On the industry side, the lack of skilled R&D

and engineering staff may hinder linkages with academic research-

ers. Regarding barriers, other testable hypotheses can be presented.

H8: Capability barriers from academic researchers’ previous experi-

ence of collaboration positively affect research groups’ collabor-

ation with industry

3. The development of the database

3.1. Data
The main data used in this article came from a survey of Brazilian

research groups that collaborate with firms. We collected data in the

spring of 2008 from a questionnaire distributed to the leaders of re-

search groups across the country in every scientific discipline. We

selected research groups that had reported collaboration with firms

to the Brazilian Council for Scientific and Technological

Development (CNPq), and we sent the questionnaires as electronic

surveys to 2,151 research group leaders who had collaborated with

industry in 2004. We received 1,005 valid responses. The research-

ers separately evaluated the benefits, results, and barriers according

to importance using a 4-point scale Likert (‘not important’, ‘slightly

important’, ‘moderately important’, and ‘very important’). In their

answers to the questionnaire, the researchers revealed their percep-

tion of the importance of the benefits, results, and barriers of their

collaboration with industry. In addition to covering collaboration,

the information collected by the questionnaire covered the main

characteristics of the research group, such as its size, scientific field,

and location. The questionnaire also included other aspects of the

collaboration, such as the channels of interaction and the type of

funding for the collaborative projects.

To this dataset, we added time-lagged data on the number of col-

laborative engagements of each of these 1,005 research groups in

2010 (data from the Brazilian Council for Scientific and

Technological Development—CNPq). We merged this dataset with

the 2010 data, which allowed us to obtain 765 research groups in

Brazil, belonging to 137 universities throughout the country and

covering all scientific disciplines. They participated in 1,624 collab-

orative projects with firms from several industrial sectors. Our final

sample presents a distribution that is very similar to that of the

original sample regarding scientific disciplines and location. We use

data on university–industry collaborative projects instead of formal

channels of interactions, such as patents, licences and spin-offs.

Data on collaboration with industry present several advantages be-

cause collaborative projects with industry are widespread and im-

portant for technology transfer from university to industry (Agrawal

and Henderson 2002; Banal-Esta~nol et al. 2015; Cohen et al. 2002;

D’Este and Patel 2007).

3.2. Nonparametric item response theory
We used the nonparametric item response theory (NIRT) technique

to identify clusters from the pattern of responses and define dimen-

sions for benefits, results, and barriers. This technique allowed us to

reduce the number of items for each dimension and assess how these

items are related. The NIRT technique also allows the estimated

model to more adequately consider the clusters of items and pro-

vides an appropriate estimation for improved interpretation of the

coefficients. This technique allows scales (cluster of items) to be

identified from the pattern of responses that an individual produces

through questionnaires by generating ex post clusters, which avoids

arbitrariness in the selection of groups of variables. At least three

additional advantages are observed in the use of NIRT. First, NIRT

selects items sequentially one by one. Secondly, different choices for

association measures are used to analyse the associations between

the items. Thirdly, NIRT yields a measurement model based on the

assumptions of unidimensionality, local independence, and mono-

tonicity (Paas and Sijtsma 2007). In addition, the NIRT technique

was specifically created to generate scales from information col-

lected by questionnaires and sometimes comprising several dimen-

sions, as in the survey questionnaire used in this article.

The application of NIRT for each dimension allows groups of

items that form a coherent scale to be identified because the clus-

tered items show adequate levels of scalability (H-index) at a signifi-

cance level of 5%. The results for each dimension are presented in

Table 1, which shows the clustered items and their H-index scores.

The table also shows the number of respondents and the share of

‘moderately important’ and ‘very important’ answers for each cat-

egory. We performed the NIRT analysis with the ‘mokken’ package

of the R statistical software. An H-index value �0.5 is considered

strong, and the lower limit was 0.3 (Mokken 1971).

The application of NIRT techniques to the benefits dimension

allows two clusters to be identified (Table 1). The first group covers

the intellectual benefits, which include intellectual and tacit benefits,

such as reputation and networks. The second group comprises eco-

nomic benefits and aggregates items related to the material or finan-

cial benefits obtained by interacting with firms. The importance of

intellectual benefits, measured by the share of ‘moderately import-

ant’ and ‘very important’ answers, is higher than that of economic

benefits, which may indicate that researchers tend to regard the in-

tellectual benefits arising from the collaboration as more important.

We use these clusters to test H1 and H2.

The clustered items for the dimension results show that two clus-

ters are related to academic purposes, knowledge results and aca-

demic results. The third cluster is commercial results, which consists

of items linked to the industrial applications of academic research

results. The researchers considered the results linked to knowledge

and academic activities to be more important than industrial appli-

cation, which may indicate the research groups’ increasing attrac-

tion to the intellectual results of their collaboration with firms. We

use these clusters to test H3, H4, and H5.
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Finally, three clustered items were identified in the dimension

barriers to test H6, H7, and H8. Capability barriers involve the dif-

ficulties experienced by research groups and firms due to the lack of

knowledge and communication skills in both the firms and aca-

demia. Orientation barriers encompass differences in priorities and

deadlines between firms and academia that are consistent with their

different orientations (Merton 1973). The third cluster consists of

transactional barriers, which comprise a set of factors regarding the

formalisation and legitimation of the engagement between firms and

academia, i.e. the so-called ‘Williamson barriers’ (Tartari et al.

2012).

Analysing the evaluation of the importance of each dimension

for collaboration ensures that a share of the responses will be ‘mod-

erately important’ and ‘very important’ for each cluster of items

(Table 1). Intellectual benefits are the most important benefit high-

lighted by the researchers. Among the results, academic and know-

ledge results present higher medians. Finally, the barriers show

similar importance because the median for each cluster is �50%.

The definition of the main clusters for each dimension can be linked

to the literature regarding the benefits, results, and barriers associ-

ated with university engagement with industry (Table 2). Each iden-

tified cluster has strong relationships with previous findings in the

literature.

4. Econometric approach

The aim of this article is to analyse how the benefits, results, and

barriers researchers perceive in collaboration affect academic re-

search groups’ engagement with industry. Empirically, we model the

relation of the clusters generated by the NIRT technique in each di-

mension of the academic researchers’ perceptions of benefits, results,

and barriers with the number of collaborative projects each of the

765 research groups carried out in 2010. The dependent variable

(Collab) is the number of collaborative projects for each research

group. To avoid endogeneity due to simultaneity between the num-

ber of collaborative projects and the identified clusters of each di-

mension, we gathered data on the collaboration of the research

groups in 2010. In this way, we were able to relate the identified

clusters of the researchers’ perceptions of the dimensions of benefits,

results, and barriers in 2008 with the number of collaborative proj-

ects for each research group in 2010. Because of this temporal lag,

we can examine how the benefits, results, and barriers the research-

ers perceive affected their collaboration with industry.

The main explanatory variables are the identified clusters of

each dimension. The use of the NIRT technique to generate the clus-

ters of items allowed us to avoid multicollinearity. In addition, we

included controls, such as the size of the research group (Size), be-

cause larger research groups have greater human, physical, and

Table 1. NIRT clusters of benefits, results and barriers.

Dimension Cluster Item Moderately and

Very important

% H-index

Benefits Intellectual benefits Ideas for new collaborative projects 630 82.4 0.66

New ideas for research projects 663 86.7 0.69

Interchange of information or knowledge 625 81.7 0.63

New network relationships 554 72.4 0.65

Reputation 543 71 0.64

Economic benefits Joint use of equipment labs 412 53.9 0.55

Receipt of inputs for research 531 69.4 0.65

Financial resources 534 69.8 0.6

Knowledge results New scientific discoveries 478 62.5 0.6

Results New research projects 658 86 0.6

Academic results Training 633 82.7 0.59

Theses and dissertations 627 82 0.69

Publications 619 80.9 0.63

Commercial results New products and devices 447 58.4 0.59

New manufacturing processes 352 46 0.64

Improved products 354 46.3 0.63

Improved manufacturing processes 373 48.8 0.62

Patents 350 45.8 0.56

Design 147 19.2 0.56

Academic entrepreneurship and spin-offs 183 23.9 0.58

Barriers Capability barriers Lack of knowledge about universities’ activities 453 59.2 0.61

Lack of knowledge of the needs of firms 464 60.7 0.6

Lack of professionals to dialogue with academic researchers 363 47.5 0.61

Lack of professionals to dialogue with firms 394 51.5 0.62

Orientation barriers Differences on priorities 443 57.9 0.51

Differences on research deadlines 298 39 0.51

Transactional barriers Bureaucracy in the firm 360 47.1 0.31

Bureaucracy in the university 587 76.7 0.36

Costs 485 63.4 0.36

Trust 231 30.2 0.38

Intellectual Property 333 43.5 0.38

Source: Own elaboration; there are also two unscalable items: software and geographical distance.
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financial resources for academic research and a greater ability to col-

laborate with industry (De Fuentes and Dutrénit 2012; Mansfield

and Lee 1996; Perkmann et al. 2011; Schartinger et al. 2001); the

share of funding of the research group from private firms (Finan);

and a dummy variable for research groups linked to public research

institutes (PRI) because these institutes play a substantial role in

developing countries (Mazzoleni and Nelson 2007). We also added

two regional variables: a dummy variable for the South and

Southeast regions (SSE) because of the unequal regional distribution

of R&D expenditures among Brazilian regions (Garcia et al. 2015)

and the share of the manufacturing industry in the total employment

of the firm’s region (Manuf). Finally, we added dummy variables

that control for scientific fields (Areas) (Bekkers and Bodas Freitas

2008; Meyer-Krahmer and Schmoch 1998) and for collaboration

channels (Channel) (Arza 2010; De Fuentes and Dutrénit 2012). We

estimated the following regression model for the whole sample of re-

search groups.

Collabt ¼ b1Intel Benefitst�1 þ b2Econ Benefitst�1

þ b3Com Resultst�1 þ b4Acad Resultst�1

þ b5Know Resultst�1 þ b6Orie Barrierst�1

þ b7Trans Barrierst�1 þ b8Capac Barrierst�1

þ Controlst�1

The main variables and their proxies are presented in Table 3,

and the descriptive statistics are presented in Table 4.

5. Results and discussion

We conducted five main estimations using negative binomial regres-

sion to analyse how the benefits, results, and barriers perceived in

previous experiences of collaboration affect academic researchers’

engagement with industry. Model (1) is the baseline model and con-

tains only controls. Models (2), (3), and (4) add each dimension sep-

arately. Finally, we tested the full model (5). The signs of the

coefficients are consistent with the previous specification, and a

slight increase in R2 is observed. The comparison of these models

with the full model reinforces the quality of the estimations since

both the analysed dimensions and the controls present almost no

change in the significance of the coefficients. The results are pre-

sented in Table 5.

The main findings show that intellectual benefits and commer-

cial results have positive and significant coefficients, whereas eco-

nomic benefits and transactional barriers have negative and

significant coefficients.

Regarding benefits, intellectual benefits positively affect research

groups’ collaboration with firms, which supports H1. Our findings

show that researchers who recognise the intellectual benefits related

to their previous collaborations with industry collaborate more than

those who do not. Thus, when researchers recognise that collabor-

ation with industry can lead to ideas for new collaborative projects,

new ideas for research projects, knowledge sharing, new network rela-

tionships, and reputation, they tend to collaborate more with indus-

try. This result can be reinforced when combined with previous

findings in the literature regarding the importance of the intellectual

benefits to collaborative researchers (Arza and Vazquez 2010; D’Este

and Perkmann 2011; Garrett-Jones et al. 2010; Perkmann and Walsh

2009). Engagement with industry has a substantial effect on the devel-

opment of new research projects at the university because intellectual

benefits represent an important driving factor for collaboration (Arza

and Vazquez 2010; D’Este and Perkmann 2011). In addition to these

previous findings, we found that researchers who already collaborate

with industry recognise the importance of the intellectual benefits

linked to their collaboration. Thus, collaboration with industry is fre-

quently beneficial for research groups because academic researchers

can generate new insights and ideas for the development of new aca-

demic research projects through these linkages, thereby bringing new

research questions to the university. Furthermore, engagement with

industry can bring new ideas for new cooperative projects with indus-

try. This finding also reveals the importance of collaboration over

time since the increasing experience of the partners can reinforce the

intellectual benefits for academic research, especially considering that

this experience can be achieved over time.

Table 2. Theoretical background and the NIRT clusters.

Intellectual benefits Intellectual benefits (Arza and Vazquez 2010)

Resources (Tartari and Breschi 2012)

Learning (D’Este and Perkmann 2011)

References for public project and knowledge exchange (Meyer-Krahmer and Schmoch 1998)

Economic benefits Access to in-kind resources and funding (D’Este and Perkmann 2011)

Resources (Tartari and Breschi 2012)

Additional facilities and additional funds, flexibility of industrial funds

(Meyer-Krahmer and Schmoch 1998)

Economics benefits (Arza and Vazquez 2010)

Knowledge results New research projects (Perkmann et al. 2013)

Academic results Publications (Perkmann and Walsh 2009)

Commercial results Commercialisation (D’Este and Perkmann 2011; Perkmann et al. 2013)

Capability barriers Skills of university (or TTOs) staff (Owen-Smith and Powell 2001)

Managerial problems (Meyer-Krahmer & Schmoch 1998)

Orientation barriers Freedom and secrecy (Tartari et al. 2012; Tartari & Breschi 2012)

Complementarity (Perkmann & Walsh 2009)

Subject skewing (Tartari et al. 2012)

Restrictions to publications and short-term orientation (Meyer-Krahmer & Schmoch 1998)

Transactional barriers Technology transfer problems (Owen-Smith and Powell 2001)

Williamson barriers (Tartari et al. 2012)

Bureaucracy (Audretsch et al. 2002)

Source: Own elaboration.
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With respect to economic benefits, the coefficients are negative

and significant, which leads to the rejection of H2. This result shows

that research groups that assigned higher importance to the econom-

ic benefits related to their collaboration, such as the joint use of lab

equipment, research inputs, and financial resources, are involved in

fewer collaborative projects with industry than those that do not.

Previous studies that have analysed the effects of economic benefits

expected from collaboration have shown that obtaining resources is

a relevant motivation for collaborating with firms (Tartari and

Breschi 2012). However, our results go in the other direction, as

among academic researchers who already collaborate with industry,

perceived economic benefits from collaboration do not represent a

motivation to increase the number of collaborative projects over

time. This result could mean that academic researchers who realise

greater economic benefits from collaboration can be encouraged to

focus on specific projects with specific industrial partners, resulting

in a decrease in the number of collaborative projects over time. Our

results yield this finding because we use a time lag to analyse the

number of collaborative projects of the research groups, which is in

contrast to previous studies that evaluate the effects of expected eco-

nomic benefits (Tartari and Breschi 2012). Is this way, expected eco-

nomic benefits could be a motivation for collaboration, but

perceived economic benefits encourage researchers to decrease the

number of collaborative projects and focus on specific industrial

partners. In addition, this finding may indicate that academic

researchers give more importance to the intellectual benefits

associated with collaboration with firms than to tangible benefits,

which might further indicate that intellectual benefits frequently

outweigh the financial assistance related to engagement with indus-

try (Fernandes et al. 2010).

Commercial results also positively affect researchers’ decision to

increase their collaboration with industry, which supports H3. This

finding shows that researchers who recognise the importance of

commercial results, such as new or improved products and proc-

esses, patents, and spin-offs, tend to collaborate more with indus-

trial partners. This result further indicates the occurrence of self-

reinforcement mechanisms and positive feedback between collabor-

ation and commercial results over time. Engagement with industry

can provide opportunities for academic researchers to develop new

inventions that can be patented and licensed, and collaboration can

create opportunities for academic entrepreneurship and spin-offs

(Perkmann et al. 2013). This result can also be understood in the

context of developing countries, where universities and public re-

search institutes play an important and increasing role in supporting

innovation, sometimes substituting private efforts for innovation

(Albuquerque et al. 2015; Suzigan et al. 2009). In this way, our find-

ings from the Brazilian context show the importance of the gener-

ation of new and improved products and processes that arise from

the collaborative projects between the university and industry.

Knowledge results and academic results do not present signifi-

cant coefficients (H5 and H4). This result indicates that academic

researchers who collaborate more with firms do not tend to consider

Table 3. Variables description.

Variable Description Source

Collab Count of the collaboration of the research group with firms CNPq, 2010

Benefits Sum of the score for items pertaining to each cluster (Intellectual and Economic) Own elaboration based on NIRT;

data from Survey, 2008Results Sum of the score for items pertaining to each cluster (Knowledge, Academic and Commercial)

Barriers Sum of the score for items pertaining to each cluster (Capability, Orientation and Transactional)

Size Total number of members in the research group Survey, 2008

Finan Share of research funds received by firms (%) Survey, 2008

Manuf Regional share of employment in manufacturing industry RAIS, 2008

PRI Dummy for Public Research Institutes Survey, 2008

SSE Dummy for South-Southeast regional Survey, 2008

Area Dummies for scientific field Survey, 2008

Channel Sum of the score for items pertaining to each channel of collaboration Survey, 2008

Source: Own elaboration.

Table 4. Descriptive statistics.

Variable Mean Std. Dev. Min 25% 50% 75% Max

Collab 2.12 3.01 0 0 1 3 30

Benefits Intellectual 5 14 17 19 20

Economic 3 6 9 11 12

Results Knowledge 2 5 6 8 8

Academic 3 9 11 12 12

Commercial 7 9 14 21 28

Barriers Capability 4 7 10 13 16

Orientation 2 3 5 6 8

Transactional 5 10 13 15 20

Size 22.59 16.82 0 12 18 28 138

Finan 0.32 0.33 0 0 0.2 0.6 1

Manuf 0.19 0.06 0.02 0.15 0.21 0.23 0.32

Source: Own elaboration.
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knowledge results, such as new scientific discoveries and new re-

search projects, or academic results, such as researcher training,

publications, and theses and dissertations, as drivers of the decision

to collaborate more with firms. This result can also be understood in

the context of developing countries since a large proportion of the

collaborative projects between universities and firms do not involve

state-of-the-art scientific and technological development and there-

fore produce less knowledge and academic results. Nevertheless, col-

laborative projects with academic researchers are important tools

for the diffusion of new knowledge among local producers, which

can improve their competitiveness. Finally, it is important to note

that researchers’ responses concerning the importance of each di-

mension demonstrate that academic and knowledge results carry

similarly high importance (Table 1). This assures the role of academ-

ic and knowledge results for the researchers who collaborate with

industry, even if such results do not correlate with the number of

collaborative projects.

Regarding barriers, the results show that transactional barriers

have a negative effect on the number of collaborative projects research

groups become involved in, thereby supporting H7. This result sug-

gests that researchers who report transactional barriers as more

relevant collaborate less with industrial partners than those who do

not. These transactional barriers include bureaucracy (at both univer-

sities and firms), contract costs, lack of trust, and intellectual property.

Orientation barriers do not present significant coefficients (H6),

which may indicate that among Brazilian research groups that collab-

orate with industry, orientation (or Mertonian) problems are not

related to the number of collaborative projects the research groups en-

gage in. Thus, researchers engaging with firms can establish collabora-

tive projects with industrial partners without hindering the

university’s mission of generating new knowledge and publishing in

high-impact journals. The potential increase in secrecy and publica-

tion delays does not affect academic researchers’ propensity to collab-

orate with industry (Tartari and Breschi 2012). Capability barriers

also present no significant coefficients (H8), which suggest that prob-

lems related to capabilities, even knowledge or communication, in

universities or in firms do not affect the number of collaborative proj-

ects the research groups become involved in. It is notable that

researchers generally attribute the same importance to the three

dimensions of barriers: capabilities, orientation, and transactional bar-

riers (Table 1). However, only transactional barriers negatively affect

the number of collaborative projects of the research groups.

Table 5. Coefficients estimation—negative binomial regression for collaboration counts.

(1) (2) (3) (4) (5)

Benefits Intellectual 0.038** 0.044**

(0.14) (0.15)

Economic �0.067** �0.063**

(0.02) (0.23)

Results Knowledge �0.037 �0.033

(0.31) (0.33)

Academic �0.007 �0.019

(0.21) (0.22)

Commercial 0.012 0.017†

(0.01) (0.01)

Barriers Capability 0.021 0.018

(0.01) (0.14)

Orientation 0.003 �0.001

(0.03) (0.31)

Transactional �0.041* �0.038*

(0.02) (0.02)

Size 0.011*** 0.011*** 0.011*** 0.011*** 0.011***

(0.003) (0.002) (0.003) (0.002) (0.002)

Finan 0.321** 0.394** 0.334** 0.329** 0.397***

(0.13) (0.14) (0.13) (0.13) (0.14)

Manuf �0.466 �0.377 �0.475 �0.347 �0.287

(0.79) (0.79) (0.79) (0.80) (0.78)

Controls Dummy PRI Yes Yes Yes Yes Yes

Dummy SSE Yes Yes Yes Yes Yes

Dummies for Areas Yes Yes Yes Yes Yes

Channels Yes Yes Yes Yes Yes

Constant �0.281 �0.386 �0.219 �0.223 �0.276

(0.26) (0.27) (0.27) (0.27) (0.28)

Number of observations 765 765 765 765 765

LR chi2 96.50 107.31 99.13 103.10 117.10

Prob>chi2 0.0000 0.0000 0.0000 0.0000 0.0000

Log likelihood �1449.28 �1443.87 �1447.97 �1445.98 �1438.99

Pseudo R2 0.0322 0.0358 0.0331 0.0344 0.0391

***P< 0.1%;

**P< 1%;

*P< 5%;

†P< 10%; Standard error in parentheses.

Source: Own elaboration.
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Regarding controls, the size of the research group (Size) has a

positive effect on the number of collaborative projects a research

group might have. This result indicates that compared to smaller re-

search groups, larger research groups can better handle broader and,

in several cases, more diversified academic skills, which improves

their ability to collaborate with firms. The share of private funding

(Finan) also presents positive and significant coefficients, which

shows the role of private funding in stimulating research groups to

collaborate more. Finally, the dummies for channels of collabor-

ation and scientific fields also present significant coefficients

and show different patterns of collaboration with industry among

different channels of collaboration and scientific fields of research

groups.

6. Final remarks and policy implications

In this article, we analyse how the benefits, results, and barriers

researchers perceive from collaboration affect academic research

groups’ engagement with industry. We assume that academia has

become a growing source of information and knowledge for firm in-

novation, which increases the importance of university–industry col-

laboration. Thus, it is important to understand what drives

academic researchers to engage with industrial partners (Perkmann

et al. 2013). We apply this subject to a comprehensive database on

university–industry collaboration in Brazil, and we use a time lag to

analyse the number of collaborative projects the research groups be-

come involved in, which allows us to analyse how the researchers’

perceptions regarding benefits, results, and barriers for collabor-

ation affect their collaboration with industry. Previous studies have

also analysed the main drivers of researchers’ motivation to collab-

orate with industry, but they have done so using expected outcomes

and costs related to collaboration (D’Este and Perkmann 2011;

Tartari and Breschi 2012). In this way, the novelty of this article is

that we use the researchers’ evaluation of the benefits, results, and

barriers associated with their previous collaboration and we analyse

how these aspects affect the research groups’ collaboration with

industry.

We make four major main points. First, the perceived intellectual

benefits of collaboration with industrial partners, such as new ideas

for cooperative projects, new ideas for research projects, informa-

tion and knowledge sharing, new network relationships, and reputa-

tion, positively affect research groups’ collaboration. Secondly,

perceived economic benefits, such as the joint use of lab equipment,

research inputs, and financial resources, despite their importance for

researchers who collaborate with industry, discourage academic re-

search groups from increasing the number of collaborative projects.

Thirdly, the commercial results of previous cooperation with firms,

such as new or improved products and processes, patents and spin-

offs, also increase the number of collaborative projects a researcher

engages in with firms. Finally, perceived transactional barriers, such

as bureaucracies in both universities and firms, contract costs, trust,

and intellectual property, play an important role in discouraging re-

search groups from collaborating more with industrial partners.

Our findings represent new empirical evidence contributing to

the understanding of academic researchers’ engagement in collab-

orative projects with industry. In fact, understanding the individual

perceptions that lead academic researchers to engage with industry

contributes to the broader issue of how universities should manage

and encourage academics to act proactively and collaborate with in-

dustrial partners. Our results suggest that direct incentives regarding

intellectual benefits are important tools that encourage academic

researchers to decide to collaborate more with industry.

Engagement with industry can produce intellectual benefits for

researchers who collaborate with industrial partners, and ideas for

new scientific projects and exchange of information and knowledge

are important benefits related to collaboration with firms. This re-

sult is strengthened by other findings that show that orientation bar-

riers are not significant, which means that the researchers

encountered no orientation problems as a barrier to additional col-

laboration with firms. Commercial results are also important drivers

of research groups’ engagement with firms, which means that

researchers who collaborate more with industrial partners can gen-

erate commercial results, such as new and improved products and

processes and patents. This result indicates the important role of the

university in supporting innovation, especially through collaborative

projects with firms. Thus, these findings yield a greater understand-

ing of the main motivations and constraints of researchers who col-

laborate with industrial partners and strengthen the sharing of

academic knowledge with firms.

Finally, these findings have policy implications. In general, our

findings reveal the main important conditions under which academ-

ic researchers are willing to collaborate more with industry. To en-

courage collaboration between university and industry, policy

makers should emphasise and facilitate access to resources for aca-

demic research and ensure the generation of academic results

through collaboration. Concerning the importance of intellectual

benefits and academic results, policy measures geared towards stim-

ulating university–industry collaboration do not hinder academic ac-

tivity but strengthen the capacity of researchers to generate

academic results, such as publications, theses, and dissertations.

Thus, policy measures should encourage collaborative projects be-

tween universities and firms and the implementation of state-of-the-

art academic knowledge through industrial applications because

such efforts are useful not only for firm innovation but also for the

generation of new ideas for academic research projects, including

collaborative projects. Policies should include requirements regard-

ing the generation of academic outcomes, such as publications.

Regarding transactional barriers, which negatively affect the en-

gagement of researchers with industry, policy should simplify proce-

dures related to contracts with firms and make them more

transparent. This task is significant not only for policy makers but

also for university TTOs because simpler contracts may represent an

important method of stimulating cooperation with industrial part-

ners. It is also necessary to design clear regulations for university–in-

dustry relationships to maintain an efficient equilibrium between

basic research, concerned with the long term, and more applied in-

dustrial research, oriented towards the short term (Partha and David

1994; Tartari and Breschi 2012). Because of the role of intellectual

benefits in motivating academic researchers to collaborate, univer-

sity managers and policy makers should also create a set of norms

and regulations that guarantee academic autonomy and research

freedom, even when researchers are using private funding sources.

These regulations are even more important in developing countries,

where university research supports the lack of industrial R&D

expenditures in several areas. Further implications from the recogni-

tion of the role of intellectual benefits include the need to adjust in-

stitutional frameworks in the universities of developing countries to

encourage university researchers to work more closely with indus-

trial partners (Barletta et al. 2017)(Barletta et al. 2017). These

changes could be made by adapting regulations, incentives, and the

evaluation systems of academic researchers engaged with industrial

partners.
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